Rothia mucilaginosa is a gram-positive coccus of the family Micrococcaceae. R. mucilaginosa is considered a part of the normal flora of the human oropharynx and upper respiratory tract and lower respiratory tract infections attributable to R. mucilaginosa are not frequent. We present a case of pneumonia, in which the R. mucilaginosa infection was diagnosed by quantitative cultures of a bronchoalveolar lavage (BAL) specimen. A 46-yr-old woman with B lymphoblastic lymphoma was admitted to the hospital for scheduled chemotherapy. Her chest computed tomography (CT) scan revealed bilateral multifocal nodular and patchy consolidation in both lungs. Investigation of the BAL specimen revealed that 7% of leukocytes had intracellular gram-positive cocci. The quantitative cultures of the BAL specimen grew mucoid, non-hemolytic, and grayish convex colonies on blood agar at a count of approximately 200,000 colony-forming units/mL. The colonies were identified as R. mucilaginosa. The patient was empirically treated with levofloxacin for 7 days, after which findings on the chest radiograph and CT scan improved. She was discharged with improvement on hospital day 46. To our knowledge, this is the first report of R. mucilaginosa pneumonia diagnosed in Korea. Quantitative culture of BAL specimen and examination of intracellular organisms are crucial for assessing the clinical significance of R. mucilaginosa recovered from the lower respiratory tract.
INTRODUCTION
Rothia mucilaginosa, previously Stomatococcus mucilaginosus, is an aerobic, gram-positive coccus belonging to the family Micrococcaceae. It is found in the oropharynx and upper respiratory tract as part of the normal flora [1] and was first isolated from an endocarditis patient in 1978 [2] . It is considered an opportunistic pathogen, most often seen in immunocompromised patients, but it is also (less frequently) observed in immunocompetent subjects [3] . There are reports of R. mucilaginosa as a cause of bacteremia, central nervous system infection, meningitis, peritonitis, osteomyelitis, cervical necrotizing fasciitis, endophthalmitis, and endocarditis [1, 2, 4, 5] . Only a dozen cases of lower respiratory tract infection caused by R. mucilaginosa have been diagnosed by recovery of R. mucilaginosa from the bronchoscopic, blood, or sputum specimens [6] [7] [8] [9] . R. mucilaginosa is generally considered to be a contaminant in respiratory tract infection specimens. Therefore, for R. mucilaginosa to be confirmed as a cause of a lower respiratory tract infection, the diagnostic specimen must be minimally contaminated. In this study, we report a case of pneumonia due to R. mucilaginosa that was diagnosed by quantitative cultures and visualization of intracellular organisms from a bronchoalveolar lavage (BAL) specimen from a lymphoma patient. /L. The C-reactive protein level was elevated at 0.1 mg/dL. The chest radiograph and computed tomography (CT) scan revealed multifocal nodular and patchy consolidation in both the lungs that suggested atypical pneumonia or bronchiolitis obliterans organizing pneumonia secondary to drug reaction or viral infection (Fig. 1) . The abdominal CT scan revealed a liver abscess in liver segment III.
Due to suspicion of community-acquired atypical pneumonia, she was treated empirically with levofloxacin for 7 days and underwent bronchoscopy on hospital day (HD) 3. The BAL specimen was used for the quantitative culture, and a gram-stained smear was prepared with a cytospin centrifuge. Microscopy of the smear revealed a white blood cell count of 10-25/low power field (LPF), an epithelial cell count of < 1/LPF, and 7% of leukocytes contained intracellular organisms (ICOs) (Fig. 2) . Acid-fast bacilli stain and culture, Mycobacterium tuberculosis PCR, respiratory virus PCR, and fungus culture of the BAL specimen were all negative, but the patient was positive for rhinovirus. The quantitative cultures of the BAL specimen on blood agar plates and chocolate agar plates grew predominantly mucoid, non-hemolytic, and grayish convex colonies after 2 days of incubation at 37˚C and 5% CO2 (Fig. 3A) . The colony counts were approximately 200,000 colony-forming units (CFU)/ mL. The colonies were sticky on the agar surface. Gram staining of the colonies showed gram-positive cocci of the same morphology as those that appeared on the direct smear ( www.annlabmed.org
The minimum inhibitory concentrations (MICs) for this isolate were determined using a MicroScan MICroSTREP plus 1 panel (Siemens Healthcare Diagnostics, West Sacramento, CA, USA). This broth microdilution susceptibility test was performed with cation-adjusted Mueller-Hinton agar, supplemented with 3% lysed horse blood (Siemens Healthcare Diagnostics) [10] . MICs of the tested antimicrobials were 0.06 μg/mL for penicillin, 0.06 μg/mL for ampicillin, ≤ 0.5/0.25 μg/mL for amoxicillin/clavulanate, ≤ 0.25 μg/mL for azithromycin, > 0.5 μg/mL for clindamycin, ≤ 0.06 μg/mL for erythromycin, 2 μg/mL for chloramphenicol, ≤ 0.25 μg/mL for ceftriaxone, 1 μg/mL for cefaclor, ≤ 0.25 μg/mL for cefotaxime, 2 μg/mL for cefepime, ≤ 0.25 μg/mL for cefuroxime, > 4 μg/mL for levofloxacin, > 0.5 μg/mL for meropenem, 0.5/9.5 μg/mL for trimethoprim/sulfamethoxazole, 1 μg/mL for tetracycline, and 1 μg/mL for vancomycin. The MICs of other antimicrobials were determined using the E-test (AB Biodisk, Solna, Sweden) on Mueller-Hinton agar supplemented with 5% sheep blood; the MICs were 12 μg/mL for gentamicin, 0.19 μg/ mL for imipenem, and 0.5 μg/mL for piperacillin/tazobactam.
Intravenous levofloxacin treatment was stopped on HD 7 because of the possibility of leukopenia induced by antibiotic therapy. The chest radiograph obtained at this time showed a reduction in the multifocal nodular and patchy consolidation in both lungs. Ampicillin/sulbactam and ciprofloxacin were started due to the organizing liver abscess. On HD 30, the third course of chemotherapy was started and completed without complications. The patient was discharged on HD 46 with complete resolution of pneumonia and liver abscess.
DISCUSSION
In this study, we present a case of pneumonia, in which R. mucilaginosa was the only significant organism recovered from the BAL culture. This intracellular organism was considered to be the causative pathogen of the pneumonia by combined analysis of the quantitative culture and visualization of ICOs. The patient' s chest radiograph and CT scan indicated likely atypical pneumonia, and the BAL specimen was also positive for rhinovirus. Therefore rhinovirus could not be ruled out as a causative agent of pneumonia. However, considering the purulent BAL specimen, we believed that the bacteria played at least a partially pathogenic role, and the patient was treated with antimicrobial therapy. The predominant growth of R. mucilaginosa in the BAL specimens with rare epithelial cells was not likely due to contamination by the normal oropharyngeal flora. There have been fewer than 20 cases of lower respiratory tract infection caused by R. mucilaginosa reported worldwide [9] , and the clinical manifestation of disease have ranged from mild bronchitis to pneumonia or recurrent lung abscesses [6] . However, it is difficult to determine the clinical significance of R. mucilaginosa when it is found in respiratory specimens. The diagnosis of pneumonia caused by R. mucilaginosa requires at least a culture from the bronchoscopic specimen [6, 9] . In this case, the quantitative cultures from the BAL specimen provided more than 10 5 CFU/ mL, which was enough to diagnose the causative agents of pneumonia [11] . These culture findings supported R. mucilaginosa as a true pathogen.
In this case, analysis of the direct smear revealed significant numbers of macrophages and neutrophils engulfing gram-positive cocci in clusters as ICOs. The quantitative cultures of the BAL specimen grew organisms with the same morphology as these ICOs. Detecting ICOs in the BAL fluid is an early indication of an infectious pulmonary process [12, 13] , and a cytologic study of the BAL specimen to identify ICOs would allow us to determine the causative agents of nosocomial pneumonia [14] . Quantitative cultures of the BAL specimens show moderate correlation with the percentage of ICOs in the specimen, which in turn correlates with the lung bacterial burden [13] . The percentage of neutrophils that contain ICOs is higher in patients with pneumonia than in those without pneumonia [14] ; the cut-off varies from 1% to more than 20% [14] . The Centers for Disease Control and Prevention/National Healthcare Safety Network recommends 5% as a critical value for pneumonia diagnosis [15] .
There are no previous reports of pneumonia due to R. mucilaginosa that was diagnosed by quantitative analysis of BAL cultures and ICOs. We identified R. mucilaginosa using the API Staph Identification Panel (bioMérieux SA). Several other commercial kits are available for the identification of R. mucilaginosa; however, their accuracy for this rarely isolated species has been questioned [12, 16] . Because R. mucilaginosa is not a common pathogen in respiratory specimens, we confirmed the identification by 16S rRNA gene sequencing. The morphology of this organism was consistent with its identification as R. mucilaginosa, which is an encapsulated gram-positive coccus found in pairs, clusters, and tetrads, with colonies that are mucoid, rubbery, or sticky in consistency and adherent to agar [1, 16, 17] .
The isolate was resistant to gentamicin, clindamycin, and levofloxacin. R. mucilaginosa has a variety of antimicrobial susceptibilities [6, [17] [18] [19] . Although the interpretation of antimicrobial susceptibility testing is not standardized, third-generation cephalosporins, vancomycin, high-dose ampicillin, rifampin, and chloramphenicol are consistently active against this bacterium [4, 17] . R. mucilaginosa has a broad range of susceptibility to other agents such as penicillin, clindamycin, and erythromycin [17] . Therefore, the susceptibility pattern of this isolate was generally consistent with that of R. mucilaginosa from previous reports [20, 21] . When the MIC breakpoints for Corynebacterium spp. were applied in this case [10] , the organism was susceptible to penicillin, clindamycin, erythromycin, ceftriaxone, cefotaxime, cefepime, meropenem, trimethoprim/sulfamethoxazole, tetracycline, vancomycin, and imipenem. The other antimicrobials were interpreted according to the MIC breakpoints for Staphylococcus spp. [22] ; the pathogen was susceptible to ampicillin, amoxicillin/clavulanate, azithromycin, chloramphenicol, cefuroxime, and piperacillin/tazobactam, and resistant to levofloxacin. We can speculate on the emergence of acquired resistance to fluoroquinolones because the patient had a history of ciprofloxacin treatment. There are previous reports of emerging resistance of R. mucilaginosa to ciprofloxacin [18] and trimethoprim/sulfamethoxazole [5] in association with prophylactic antimicrobial therapy.
The variable susceptibility of R. mucilaginosa to β-lactams, aminoglycosides, macrolides, and fluoroquinolones dictates that the choice of antimicrobial agents should be guided by individual susceptibility tests in cases of severe infection. Rifampin, penicillin, ciprofloxacin, gentamicin, and clarithromycin have been previously used to treat R. mucilaginosa pneumonia [6] . Although in our case the isolate was resistant to levofloxacin, the pneumonia improved after levofloxacin therapy. Levofloxacin can be concentrated in respiratory tissues and intracellular compartments [23, 24] and is the treatment of choice for community-acquired pneumonia. In our case, levofloxacin may have been more active than in vitro susceptibility results on ICOs www.annlabmed.org would have led us to expect. Outcomes of R. mucilaginosa pneumonia treated with levofloxacin are generally favorable, but non-attributable mortality has been found in patients with serious underlying disease [6, 7, 9] .
In conclusion, this is the first description of pneumonia caused by R. mucilaginosa in Korea. This case indicates that quantitative analysis of BAL culture and ICOs are useful for diagnosing pneumonia caused by R. mucilaginosa.
